Heart failure remains the leading cause of hospitalization in older patients and is considered a growing public health problem with a significant financial burden on the health care system. The suboptimal efficacy and safety profile of diuretic-based therapeutic regimens coupled with unsatisfactory results of the studies on novel pharmacologic agents have positioned ultrafiltration on the forefront as an appealing therapeutic option for patients with acute decompensated heart failure (ADHF). In recent years, substantial interest in the use of ultrafiltration has been generated due to the advent of dedicated portable devices and promising results of trials focusing both on mechanistic and clinical aspects of this therapeutic modality. This article briefly reviews the proposed benefits of ultrafiltration therapy in the setting of ADHF and summarizes the major findings of the currently available studies in this field. The results of more recent trials on cardiorenal syndrome that present a counterpoint to previous observations and highlight certain limitations of ultrafiltration therapy are then discussed, followed by identification of major challenges and unanswered questions that could potentially hinder its more widespread use. Future studies are warranted to shed light on less well characterized aspects of ultrafiltration therapy and to further define its role in ADHF and cardiorenal syndrome.
Introduction
Heart failure (HF) remains a major and growing public health problem worldwide largely due to its prevalence and the substantial cost for society. It is the leading cause of hospitalization among patients aged .65 years (1), with 1 million hospitalizations annually in the United States alone (2) . Furthermore, with the disproportionate growth in the population aged .65 years that will occur over the next 20 years, the prevalence of HF is expected to increase from its current value of 2.8% to 3.5% by 2030 (3) . Despite therapeutic advances in the overall care of chronic stable HF, the prognosis of the patients with acute decompensated heart failure (ADHF) remains unacceptably poor, with an in-hospital mortality rate of 4% (4) and a 30-day readmission rate of 27%, the highest among all medical conditions (5) . The annual expenditure of the care for patients with HF is estimated at $60 billion in the United States (6) , with the cost related to the acute in-hospital care accounting for almost 70% of the total expenses (7) . Consequently, improvement in management of HF patients has gained priority in healthcare policies; rehospitalization rates are targeted by performance measures and government incentives (8) .
Shortcomings of the Current Therapies
Several factors contribute to the steadily growing population of patients annually hospitalized for HF. The shortcomings of the currently available therapeutic regimens, which are heavily based on diuretics, are likely to play a key role in this regard.
Efficacy
Congestion is the major cause for hospitalization in the great majority of patients with HF (4) and contributes to adverse outcomes (9) . The efficacy of therapeutic options is then in part determined by how successfully they can affect patients' congestion and weight after admission to the hospital. Recent studies suggest that lack of adequate decongestion is more common than previously appreciated (10, 11) . A report of .50,000 patients in the ADHF National Registry revealed that 33% of the patients lose as little as #2.3 kg (5 lbs), and another 16% even gain weight during the course of hospitalization (12) ; nearly half of the patients admitted for ADHF are discharged with unresolved congestion after receiving diureticbased conventional therapies ( Figure 1 ). Development of diuretic resistance is a well recognized challenge in the care of patients with ADHF and captures a subset of patients at high risk of morbidity and mortality. The adverse effect of persistent congestion on outcomes has been shown in several studies. In the Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE), elevated pulmonary capillary wedge pressure and reduced 6-minute walk were the strongest independent predictors in postdischarge mortality of patients who were hospitalized for worsening HF (13) .
Safety
The potential effect of diuretics on renal function remains of particular interest in the setting of ADHF.
A significant subset of patients develop AKI or worsening renal function (WRF) only after admission to the hospital for ADHF (i.e., acute cardiorenal syndrome). In a study by Hata et al., 60% of the patients who were free of AKI upon admission developed AKI while being treated for ADHF (14) . The mechanistic aspects of diuretic-associated WRF are beyond the scope of this article and are presumably related to a number of pathways, including exacerbation in renin-angiotensin-aldosterone system and activation of sympathetic nervous system. Not surprisingly, development of WRF during the treatment of ADHF portends poor outcomes independent of the baseline renal dysfunction (15) .
An association between high doses of loop diuretics and adverse outcomes has been proposed by observational studies, although they could be confounded by the fact that patients with more severe disease are likely to receive higher doses of diuretics. Indeed, diuretic dose is possibly a marker of severity of the disease, rather than a cause for adverse outcomes (16) . In a prospective study on 183 patients with HF in the outpatient setting, Mielniczuk et al. found that higher dose of diuretics (i.e., .80 mg furosemide equivalent) was a strong predictor of subsequent HF events in the univariate analysis (hazard ratio, 3.83; 95% confidence interval, 1.82 to 8.54), but it no longer remained significant after adjustment for clinical stability (hazard ratio, 1.53; 95% confidence interval, 0.58 to 4.03) (17) . On the basis of these results, the authors concluded that in patients with HF, high-dose diuretics might be more of a marker than a cause for instability.
Finally, despite their ubiquitous use, there are still significant uncertainties about the very basic aspects of diuretic use, such as the optimal dosing or the mode of administration (i.e., intermittent versus bolus) in the setting of ADHF. National data indicate that conventional management of patients with ADHF is subject to substantial variability, possibly leading to significant variations in patients' outcomes (12) . The potential shortcomings of diuretics are summarized in Table 1 .
Pharmacologic Alternatives
A number of pharmacologic agents (e.g., endothelin receptor antagonists, vasopressin receptor antagonists, and adenosine-A1 receptor antagonists) have been used in trials in the hope of replacing or complementing conventional therapies but so far large-scale studies have unfortunately proven them to be suboptimal, ineffective, or unsafe (18) .
Proposed Advantages of UF Therapy
Over the past few years, mechanical extraction of fluid (i.e., ultrafiltration [UF]) has been progressively positioned on the forefront as an alternative for pharmacologic approaches of ADHF. Earlier investigations were primarily focused on the effect of UF on pathophysiologic mechanisms (e.g., neurohormonal mediators), whereas recent trials have evaluated practical aspects of its use such as the effect on the length of hospital stay. The proposed benefits of UF therapy are summarized in Table 2 .
Neurohormonal Axis
An intriguing aspect of UF therapy is its beneficial effect on neurohormonal mediators and hemodynamic status. Guazzi et al. reported that a 20% reduction in plasma volume through UF paradoxically led to significant decrease in plasma renin activity and the serum levels of NE and aldosterone (19) . They also observed a substantial increase in the urine volume and sodium excretion after UF. Subsequently, Marenzi et al. invasively measured cardiopulmonary pressures in patients with refractory HF who underwent UF. Fluid removal was followed by a progressive decrease in right atrial and pulmonary capillary wedge pressures while stroke volume and cardiac output increased (20) . They observed no change in the heart rate or systemic vascular resistance. The intravascular volume reduction through use of diuretics does not often portend these benefits and even tends to produce opposite effects such as activation of renin-angiotensin-aldosterone system and sympathetic nervous system (21, 22) . The beneficial effects of UF on contractile cardiac efficiency and performance without an adverse effect on heart rate or BP were also reported by other investigators (23) . In a recent randomized controlled study on patients with ADHF using a minimally invasive cardiocirculatory monitoring system, UF resulted in substantial increase in several parameters such as cardiac index and cardiac power output while simultaneously reducing systemic vascular resistance; these effects were not observed in the diuretic group (22) . In that study, UF had no adverse effect on BP or heart rate and was associated with a significant reduction in serum aldosterone levels, whereas patients who received diuretics showed a decrease in BP, an increase in heart rate, and no change in serum aldosterone levels (22) . It is noteworthy that the UF volume and rate could play an important role in the potential effect of UF on the neurohormonal axis and hemodynamic status. During UF therapy, fluid that is removed from the intravascular sector is replenished from the extravascular compartment and this helps maintain hemodynamic stability. The rate of this shift is variable and depends on a number of factors such as serum albumin level. The UF volume and rate should be carefully matched to the degree of fluid overload and anticipated plasma refill rate, respectively. For example, in malnourished patients, the resultant low serum oncotic pressure could contribute to an impaired plasma refill rate during UF, leading to intravascular volume contraction, hemodynamic instability, and exacerbated neurohormonal activation.
Sodium Extraction
The common pathway for several mechanisms involved in the development of ADHF is sodium retention with resultant extracellular fluid expansion; the great majority of ADHF admissions are due to volume overload and congestion (4) . Thus, any therapeutic modality with greater sodium extraction will be advantageous in this setting. In the Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study with Tolvaptan (EVEREST) trial, addition of a vasopressin receptor antagonist to standard therapy (with resultant enhanced free water excretion) did not reduce allcause mortality, cardiovascular death, or rehospitalization for HF despite adequate decongestion, suggesting the paramount role of sodium removal (24, 25) . Because ultrafiltrate extracted through convective forces is isotonic, it removes a significantly higher amount of sodium compared with Table 1 . Potential shortcomings of diuretic use in treatment of heart failure Direct activation of the renin-angiotensin-aldosterone system Deterioration in renal function Electrolyte abnormalities (e.g., hypokalemia and hypomagnesemia) Suboptimal natriuresis (production of hypotonic urine) Development of diuretic resistance Unpredictability of the therapeutic response Lack of clarity on the practical aspects of use (e.g., optimal dosing strategy) Nonrenal adverse effects (e.g., ototoxicity and hypersensitivity) Rapid and adjustable removal of fluid and improvement in symptoms of congestion Higher mass clearance of sodium Decreased risk of electrolyte abnormalities (e.g., hypokalemia) Lack of neurohormonal activation (SNS, RAAS, and AVP) Sustainability of the beneficial effects (e.g., effect on neurohormonal axis) Improvement in diuretic resistance, natriuresis, and urine output Decreased rate of heart failure-related rehospitalizations Decreased hospital length of stay Availability of dedicated ultrafiltration devices that are portable, user-friendly, with minimal extracorporeal volume (33 ml), and have the ability of functioning with low blood flow rates (10-40 ml/min) SNS, sympathetic nervous system; RAAS, renin-angiotensin-aldosterone system; AVP, arginine vasopressin.
hypotonic urine produced by diuretics and other available pharmacologic agents ( Figure 2 ). Given that UF also extracts fluid more efficiently and rapidly compared with diuretics (26, 27) , and that it is reported to enhance natriuresis (19, 20) , this effect can be further potentiated possibly leading to longerlasting results (see below). A secondary analysis of the Ultrafiltration Versus Intravenous Diuretics for Patients Hospitalized for Acute Decompensated Heart Failure (UNLOAD) trial found that despite comparable fluid volume removal with UF and diuretic infusion, fewer HF rehospitalization equivalents occurred with UF (28).
Sustainability of the Effects
A less well characterized advantage of UF therapy could be persistence of its beneficial effects. In a study on 36 patients with HF, Agostoni et al. reported an improvement in several respiratory parameters (e.g., tidal volume and peak exercise ventilation) that lasted over the next 6 months after one single session of UF (29) . In a similar study, those HF patients who underwent one UF session showed improvement in cardio-respiratory parameters (e.g., exercise tolerance time) that persisted at 1-and 3-month follow-up assessments; these effects were not observed in the control group (30) . In line with these studies, patients in a more recent trial tended to be less often rehospitalized for ADHF within 3 months after treatment with UF therapy compared with those who received diuretics (27) . It is still unclear whether durability of beneficial effects is related to lack of neurohormonal activation, enhanced sodium removal, or other less well understood mechanisms.
Venous Decongestion
The precise pathways underlying ADHF and cardiorenal syndrome remain elusive. Earlier animal studies had suggested that isolated elevation in renal venous pressure could adversely affect renal hemodynamics and increase sodium retention (31) , but only recently has renal venous congestion been implicated as an important factor in the complex interactions between the heart and the kidney. Damman et al. reported that high central venous pressure (CVP) correlated with low estimated GFR (eGFR) and could predict mortality independent of the cardiac index in HF patients (32) . Similarly, Guglin et al. found that low eGFR was associated with elevated CVP but not with cardiac index or left ventricular ejection fraction in these patients (33) . A primary role of venous congestion in ADHF and cardiorenal syndrome is especially appealing because it could potentially be amenable to fluid removal by UF. In a study by Mullens et al., mechanical fluid removal (whether via UF or paracentesis) in patients with HF was associated with reduction in intra-abdominal pressure and improvement in renal function (34) . The complex pathophysiologic pathways and maladaptive mechanisms underlying ADHF and renal dysfunction, as well as the proposed role of UF on reversal of these parameters, are depicted in Figure 3 .
Renal Replacement Therapy for Heart Failure: Earlier Clinical Studies
Renal replacement therapy for management of volume overload in HF was proposed for the first time in the 1970s (35) . Over the next 3 decades, several investigators reported favorable results with regard to the efficacy and safety of this therapy (36) . In one of the largest of these studies, Canaud et al. used slow UF (continuous or daily) in 52 patients with severe congestive HF (class IV of the New York Heart Association classification) (37) . The UF sessions were tolerated well with an average weight loss of 9.2 kg. Interestingly, there were 39 responders or partial responders: 26 patients became class III and 13 became class II. Although an improvement in natriuresis and renal function was also observed in a subset of patients, the findings were variable and not as prominent as those related to cardiac status. It is noteworthy that not all earlier studies, which were either case reports or had small patient populations without a control group, performed isolated UF; some used other modalities such as continuous venovenous hemofiltration or hemodiafiltration (36) . Because these therapies provide significant clearance in addition to extraction of fluid, their results should be cautiously interpreted to avoid unjustified extrapolation.
Due to the overall positive tone of these early feasibility studies, UF was recognized in many centers as a mechanistically relevant therapeutic alternative for HF and refractory fluid overload. However, due to a lack of large-scale controlled multicenter trials as well as the relative complexity of this therapeutic modality, support for its use especially in the United States remained anecdotal until the early 2000s.
UF Therapy for Heart Failure: The New Era
The advent of portable devices with newer technology rendered UF more appealing and led to a second generation of clinical trials. These simplified and user-friendly machines have the advantages of small size, portability, blood flow rates of as low as 40 ml/min, and an extracorporeal blood volume of ,50 ml. They can provide UF rate within a large spectrum (0-500 ml/h), do not mandate admission to intensive care unit, and have been marketed with the ability of even using peripheral veins.
There is a limited number of clinical studies on the use of UF in management of HF, of which ,10 involve randomization, and only 6 are randomized controlled trials comparing UF with diuretics. In a first study using peripherally-inserted catheters, Jaski et al. performed 25 sessions of UF on 21 fluid-overloaded HF patients with an average fluid removal of 2.6 L per treatment (38) . The primary endpoint of this feasibility study (i.e., assessing the safety of rapid fluid removal of $1 L in #8 hours) was achieved in 93% of treatment sessions without a significant change in serum creatinine levels. In order to further explore the indications of UF therapy, Costanzo et al. used it in 20 patients with ADHF who also presented with diuretic resistance or renal dysfunction (serum creatinine $1.5 mg/dl) (39) . They reported favorable results with successful decongestion, significant shorter length of stay, and lower readmission rates. The largest trial in this field (i.e., the UNLOAD trial), compared UF with intravenous diuretics in patients with ADHF (27). Shortly after admission (i.e., within 24 hours), 200 patients with ADHF were randomized to either receive intravenous diuretics or UF therapy. Patients with severe renal dysfunction and those with hemodynamic instability were excluded. The UF group showed a greater fluid loss at 48 hours without a significant change in serum creatinine or BP. Interestingly, the UF group also demonstrated a greater freedom from rehospitalization during the 90-day follow-up period. Moreover, rehospitalization days and HF-related unscheduled visits were fewer for these patients, and UF was associated with a 53% reduction in the risk of rehospitalization for ADHF. The positive results of the UNLOAD trial further promoted UF and, although controversial, some authors even suggested that it should replace diuretics as the first-line therapy for ADHF (24) . Nevertheless, this trial had a number of important shortcomings. For example, only patients with hemodynamic stability were studied; those with a systolic BP of #90 mmHg or requiring intravenous pressors/vasoactive agents were excluded. Because patients in the UF group are theoretically at greater risk of hemodynamic instability due to the nature of the extracorporeal therapy, elimination of the unstable patients might potentially have acted in favor of UF. Moreover, study groups were not controlled for the total amount of volume loss at the end of therapy. In fact, weight loss at 48 hours was significantly greater for UF than for the diuretic group (5 kg versus 3.1 kg, respectively; P50.001). This was, in part, due to suboptimal use of diuretics because the treatment goal was not achieved in this group; per the study protocol, the minimum dose of intravenous diuretics was planned to be at least twice the before-hospitalization daily oral dose (i.e., 119 6116 mg), but it showed only a 50% increase (i.e., 1816121 mg). Finally, although the investigators did not observe a statistically significant difference in the serum creatinine between the two groups, there was a trend toward higher serum creatinine levels for the UF arm. It is conceivable that the adverse effect on renal function could have been significant had the patient population been hemodynamically less stable.
The Cardiorenal Rescue Study in Acute Decompensated Heart Failure (CARRESS-HF) trial, the second largest and the most recent study in this field, started recruitment of the patients about 1 year after the results of the UNLOAD trial were released (40) . In this multicenter study, those patients with ADHF who also presented with cardiorenal syndrome and persistent congestion despite conventional treatment were randomized to receive either an algorithm-based pharmacologic regimen or UF as a rescue therapy. The primary bivariate endpoint was the change in serum creatinine level and body weight at 96 hours after enrollment. Interestingly, not only patients in the UF group failed to have greater weight loss (5.7 kg for UF versus 5.5 kg for medical therapy; P50.58), but they also presented with a significant increase in serum creatinine level (10.23 mg/dl for UF versus 20.04 mg/dl for medical therapy; P50.003) as well as a higher rate of serious adverse events such as sepsis. Due to a lack of evidence of benefit for UF as well as an excess number of adverse events, the enrollment had to be ended after the first 188 patients were included. There are a number of concerns with regard to the design of the CARRESS-HF trial. Although careful attention was paid in trying to optimize both study arms, they were not totally comparable. Use of inotropes and vasodilators was prohibited in the UF group, whereas they were permitted in the pharmacologic care arm after 48 hours if urine output was inadequate. Moreover, although dosing of the diuretics was adjusted in the pharmacologic therapy group based on their therapeutic response, the UF rate was uniformly delivered at 200 ml/h. The importance of customizing UF rate to plasma refill rate is discussed above. In this trial, the early weight loss tended to be faster in the UF arm, potentially contributing to the increased incidence of AKI. Finally, the use of UF is often reserved for those patients that are not fully responsive to diuretics. Patients in the CARRESS-HF trial had a urine output of 2.8-3.4 L/d during medical therapy, which raises questions regarding the applicability of these results to routine clinical practice.
Although disappointing, the results of the CARRESS-HF trial were not totally unexpected. Recent uncontrolled retrospective studies on ADHF patients who also presented refractoriness to medical therapy previously reported similar findings. In a retrospective study by Dev et al., 72 ADHF patients underwent UF therapy for diuretic resistance and failure to respond to conventional therapies (41) . The investigators observed significant deterioration in renal function: 43% of the patients experienced a $20% reduction in eGFR and 10% required dialysis. In another study on 63 patients with refractory ADHF, UF was used as a rescue therapy (42) . Although improvement in several hemodynamic variables and significant weight loss was observed after UF, it was also associated with subsequent requirement of renal replacement therapy in a significant number of patients (59%) and overall poor outcomes (30% in-hospital mortality and 6% discharge to hospice care).
The sobering findings of the CARRESS-HF, coupled with previous similar studies, imply that although early UF could be advantageous for management of patients with ADHF, it might not be the ideal option for salvage therapy after development of diuretic resistance, progressive renal dysfunction, and cardiorenal syndrome. These results also suggest that implementation of a well designed algorithm to guide management of ADHF using currently available pharmacologic options could be associated with improvement in the outcomes. Indeed, the patients in the CARRESS-HF trial receiving stepped medical therapy had a mean weight loss of 5.5 kg, whereas based on the national data, 73% of the patients lose ,4.5 kg during their hospital admission (12) . This concept is supported by the results of a recent observational study on 596 patients by Barsuk et al., who found that implementation of a diuretic-based protocol for patients with ADHF could be associated with significant improvement in weight loss and the 30-day readmission rate compared with usual care (43) . In that study, there was no difference between the two groups in terms of the effect on renal function but the diuretic dosing protocol group showed an increased length of stay. The design and findings of the most recent UF studies (randomized and nonrandomized) are summarized in Tables 3 and 4 .
Overall, there is a paucity of vigorous clinical trials in the field of UF therapy for HF. Most of these second-generation studies have severe shortcomings such as small patient populations and short follow-ups. Moreover, significant 
Patients with NYHA class III/IV heart failure and ejection fraction ,40%, UF rate 400 ml/h for 6 h and 200 ml/h thereafter 36 UF group had a fluid removal rate of 3.4 ml/kg per hour with a total volume removal of 5.2 L.
The mean time to achieve a PCWP of #18 mmHg was
h in the UF group
No significant difference in serum creatinine and cystatin C levels before and after therapy between the two groups Fluid removal was faster and more efficient in the UF group with shorter hospital length of stay, no change in inflammatory markers, NT-pro-BNP, hospital readmissions (trend toward worsening), and emergency department visits variation exists with regard to clinical characteristics of the included patients (e.g., HF class), study endpoints, and the protocol for use of UF or medical therapy, potentially limiting the applicability of their results. Of note, the two largest trials in this field (i.e., UNLOAD and CARRESS-HF) have excluded patients with more severe renal dysfunction (serum creatinine level of .3 and .3.5 mg/dl, respectively). The Study of Heart Failure Hospitalizations after Aquapheresis Therapy Compared with Intravenous Diuretic Treatment (AVOID-HF) is an ongoing randomized controlled trial recruiting .800 patients (NCT01474200). The trial is intended to determine whether patients will have fewer HF events after receiving UF therapy compared with intravenous diuretics. It is expected that the results of this study can more precisely define the effect of ultrafiltration on HF events.
UF Therapy: Concerns and Questions
Although some of the proposed theoretical advantages of UF over diuretic therapy have been supported by clinical trials, there exist a number of concerns and unanswered questions that could potentially hinder its widespread use.
Effect on Renal Function
It was hypothesized that UF could positively affect renal hemodynamics and function through a number of mechanisms including reduction in venous congestion (backward flow) as well as improvement in cardiac output and renal perfusion (forward flow). However, studies so far have failed to demonstrate any protective effects for UF (44) . In the UF study from the Mayo Clinic, not only did the investigators not observe any significant change in the mean serum creatinine levels, but 45% of the patients experienced WRF and 5 of them required dialysis on the same or subsequent admission (45) . This is similar to a more recent report by Bartone et al. that retrospectively studied 75 patients and compared UF to conventional therapy with or without nesiritide (46) . Those patients in the UF group experienced significant WRF with an increase of .0.5 mg/dl in serum creatinine level in 44% of patients compared with 24% and 20% in the diuretics and nesiritide groups, respectively. Experiences such as this illustrate the need for customized UF regimens and highlight the difficulty in determining the ideal UF volume and rate. In a substudy of the UNLOAD trial, Rogers et al. evaluated the effect of UF on renal parameters through using iothalamate and para-aminohippurate to precisely measure GFR, filtration fraction, and renal plasma flow (47). In line with previous studies, they found that UF and furosemide portend similar adverse effects on renal function (reduction in GFR of 3.4 and 3.6 ml/min, respectively). Finally, as previously mentioned, UF therapy resulted in worse renal outcomes compared with diuretics in the CARRESS-HF trial (40) . The findings of the recent clinical trials regarding renal function are summarized in Tables 3  and 4 . The apparent discrepancies in the results of studies regarding the effect of UF on renal function can in part be attributable to the differences in the delicate balance between the UF rate and plasma refill rate in the study 
Cost
In the current era of financial containment, the expenditure associated with the use of UF has understandably been a major concern. It was initially suggested that the substantial upfront cost of this therapy could be offset over time due to lower rates of readmission and shorter length of stay (27) . However, a decision model analysis evaluating cost-effectiveness of UF from various payer perspectives revealed that UF had a high probability of being more expensive from societal and hospital perspectives, whereas it could be cost-saving only from a Medicare payer perspective (48) . Of note, those estimations were based on the use of newer devices using proprietary supplies. Conceivably, UF could be financially more attractive if already existing nephrology resources such as dialysis machines, disposable supplies, and nursing staff are used (49, 50) .
Long-Term Outcomes
So far no study has evaluated the effect of UF on longterm outcomes of patients with HF (51) . Clinical trials have also failed to demonstrate any positive effect on established surrogates of outcomes such as serum sodium level and BUN (52) . Therefore, it is not clear whether this costly modality could have any beneficial effect on the long-term outcomes of these patients. Moreover, certain benefits of UF proposed by earlier studies are not fully supported by more recent investigations. For example, although UF use resulted in more efficient fluid removal and shorter hospital length of stay compared with conventional therapy in a randomized controlled trial on 36 patients, there was no significant difference between the two groups in terms of hospital readmissions, emergency department visits, changes in inflammatory markers (e.g., IL-6), or N-terminal fragment of B-type natriuretic peptide levels (53) .
Practical Aspects
The potential complications of UF (e.g., air emboli) are similar to other extracorporeal therapies and were reviewed elsewhere (51) . Although the new UF devices are marketed with the ability of using peripherally inserted catheters, most studies have failed to report the number of patients who actually needed placement of a central venous access. Patients with HF tend to have compromised peripheral blood vessels due to their advanced age, fluid overload, and poor cardiac output. In addition to the potential complications associated with placement of a central venous catheter, this is of particular concern in this patient population with a high prevalence of kidney disease in which there might be a need for a permanent vascular access in the future. Finally, due to a relative paucity of data on the practical aspects of UF therapy in the specific setting of ADHF (e.g., optimal patient population, timing of initiation and discontinuation of therapy, and optimal rate of fluid removal), the guidelines provided by professional societies are often vague (Table 5) , possibly contributing to significant variations in the delivery of this modality (49, 54) . The potential disadvantages of UF therapy are summarized in Table 2 .
In conclusion, UF has emerged as an appealing option for management of ADHF based on the recent advances in our understanding of the pathophysiologic mechanisms underlying ADHF and cardiorenal syndrome as well as suboptimal efficacy and safety of conventional therapies. Although studies have generally reported favorable results in this setting, a number of unresolved questions and concerns do exist, especially with regard to the effect of UF on renal function and long-term outcomes. Future studies are needed to further define the role of UF therapy for management of heart failure and/or cardiorenal syndrome and to shed light on its less well characterized aspects such as indications, patient selection, and timing of initiation and discontinuation. Venovenous isolated ultrafiltration is sometimes used to remove fluid in patients with heart failure, although is usually reserved for those unresponsive or resistant to diuretics If doubling the dose of loop diuretics and infusion of dopamine do not result in an adequate diuresis and the patient remains in pulmonary edema, venovenous isolated ultrafiltration should be considered
